Intracranial pressure (i.c.p.) and mean arterial pressure (m.a.p.) were studied in 20 patients during the induction of anaesthesia for craniotomy. Tubocurarine was administered as the muscle relaxant and either thiopentone or Althesin for the induction of anaesthesia. No significant differences were found in the i.c.p. changes with induction, intubation or pharyngeal packing, between the thiopentone and the Althesin groups. Except for two patients (one in each group) the increases in i.c.p. associated with intubation were small. In these two patients moderate increases from normal values to 28 and 37 mm Hg were recorded, but in one of these patients coughing and straining followed intubation. Marked decreases in m.a.p. were noted in both groups, but the recovery of m.a.p. was significantly more rapid in the Althesin group. Only two patients had i.c.p. values greater than 20 mm Hg before operation and in neither did i.c.p. increase above control values during induction and intubation. Packing the pharynx produced minimal changes in i.c.p. in all patients.
Increases in intracranial pressure (i.c.p.) and mean arterial pressure (m.a.p.) occurring at the time of laryngoscopy and intubation were described first by Stephen and colleagues (1954) . Such changes in i.c.p. are likely to be more marked in neurosurgical patients especially those with increased i.c.p. caused by tumour or other intracranial space-occupying lesion (Shapiro et al., 1972b) . In addition it has been suggested that these increases in i.c.p. may lead to transcompartmental herniation of brain tissue (Shapiro et al., 1972a ). An increase in m.a.p. is a well-recognized response to intubation (King et al., 1951; DeVault, Greifenstein and Harris, I960) which may accentuate cerebral oedema in patients with intracranial pathology. Thiopentone and Althesin have been shown to decrease i.c.p. (Horsley, 1937; Turner et al., 1973) , presumably by decreasing cerebral blood flow (Pierce et al., 1962; Sari et al., 1976) . Thus both these agents might mitigate the above i.c.p. changes. This paper describes a randomized trial comparing the effects of thiopentone with those of Althesin on i.c.p. and m.a.p. during the induction of anaesthesia. 
METHOD
Twenty patients undergoing craniotomy were studied. All gave their informed consent for the study. Each patient was premedicated with diazepam 10 mg i.m., except for one patient who received papaveretum 10 mg and hyoscine 0.2 mg. Anaesthesia was induced in 10 patients with thiopentone and in 10 with Althesin, the choice of agent being randomized. After a preliminary Allen test, a cannula was placed in one radial artery following infiltration of local analgesic. I.v. lines were inserted subsequently. A burr hole was made under local analgesia, and a catheter was inserted into a lateral ventricle. The arterial cannula and the ventricular catheter were connected to pressure transducers and the pressures were displayed on a chart recorder. The zero for the arterial pressure was at heart level and the reference point for i.c.p. was the external auditory meatus.
Once m.a.p. and i.c.p. were stable, tubocurarine 45 mg was given (40 mg in one frail woman). This was followed immediately by an induction dose of thiopentone (range 250-400 mg) or Althesin (range 3-5 ml), the drug being given until there was loss of the eyelash reflex. The patients were then hyperventilated moderately with nitrous oxide and oxygen for 2 min, via a face mask, by hand compression of the reservoir bag. Exactly 2 min after the completion of the thiopentone or Althesin injection, laryngoscopy and intubation were performed. After intubation the patient was ventilated mechanically and a pharyngeal pack was inserted. Ventilation was adjusted to produce moderate hypocapnia by reference to an infra-red carbon dioxide analyser. In all patients arterial bloodgas tensions were estimated once the patient was established on the ventilator. However, in addition, in the last six patients in the series the arterial bloodgas tensions were estimated immediately before the induction of anaesthesia and immediately before intubation. From the chart records the following measurements were made: (1) m.a.p. and i.c.p. in the 5 min immediately before induction of anaesthesia (hereafter described as control m.a.p. and i.c.p.) and at 1, 2, 3, 4 and 5 min after induction; (2) ; patients A and K were excluded from the between the two control m.a.p. (106 mm Hg (SD 15) and 112mmHg (SD21)) was not statistically significant. In five of the 20 patients, m.a.p. decreased to less than 50 mm Hg following induction of anaesthesia, in one patient to less than 20 mm Hg. At 5 min after induction m.a.p. was greater than 50 mm Hg in all except three patients.
Table III depicts the changes in i.c.p. with intubation related to the control value and to the value obtained immediately before laryngoscopy. In each group mean i.c.p. decreased following the induction of anaesthesia and increased slightly following laryngoscopy and intubation. There was no significant difference between the two groups except at 5 min after induction, when mean i.c.p. was significantly less in the Althesin group (0.05 >P> 0.02). There was no significant difference between the groups in the response of i.c.p. to intubation.
There was a significant correlation between the preinduction i.c.p. and the increase in i.c.p. associated with intubation in the thiopentone group (0.05 >P> 0.02), but there was no such correlation in the Althesin group. Table IV shows the changes of m.a.p. from control in the first 5 min following induction. In the last column the changes in m.a.p. produced by laryngoscopy and intubation are presented. As already stated, the control m.a.p. was very similar but the m.a.p. after induction of anaesthesia with tubocurarine and thiopentone was at each stage lower than those obtained following tubocurarine and Althesin. This difference reached significance (0.05 >P> 0.02) at approximately 3 min after the induction of anaesthesia which, incidentally, was the time at which the maximum m.a.p. was reached after intubation, and remained significant (0.02>P> 0.01) at 4 min, but 2.53 * Papilloedema before operation; f dexamethasone before operation; {patients A and K were excluded from the statistical analysis (see text); ?-fundus could not be visualized; § significance between thiopentone and Althesin groups: 0.05 >P> 0.02. not at 5 min. The increase in arterial pressure which followed within 60 s of intubation was significantly greater in the Althesin group (0.02 >P> 0.01).
There were no significant differences between the two groups in mean Pa C02 at the time of intubation (thiopentone 4.0 + 1.2 kPa, Althesin 4.5 ± 1.1 kPa) or at 5 min after induction (thiopentone 3.8 + 0.9 kPa, Althesin 4.2 ± 0.8 kPa).
The changes in m.a.p. and i.c.p. caused by packing the pharynx were minimal and there was no statistically significant difference between the two groups (table V).
In the two patients with values of i.c.p. greater than 20 mm Hg the changes in m.a.p. were similar to those noted in patients with i.c.p. less than 20 mm Hg.
In these two patients i.c.p. decreased markedly following the administration of the induction agent and tubocurarine (by 14 mm Hg and 20 mm Hg; see table III) and did not increase above the control value with intubation.
DISCUSSION
In this study, in which anaesthesia was induced with either thiopentone or Althesin, and muscular relaxation was produced with tubocurarine, the increases in i.c.p. which resulted from intubation were small. Thus, of the 18 patients with a control mean i.c.p. of less than 20 mm Hg, the mean change from control with intubation was 2.8 mm Hg (range -4.5 to 27.5 mm Hg) and the mean change from the immediate pre-laryngoscopy value was 4.6 mm Hg (range -0.5 to 25 mm Hg). Of the four patients with papilloedema, none showed an increase of more than 6 mm Hg from control i.c.p. at intubation. Except for two patients, all the increases in i.c.p., as a result of intubation, were 7 mm Hg or less. One patient showed an increase of 13 mm Hg from the control value. This was related to coughing and straining on the endotracheal tube. In the other patient an increase of 27.5 mm Hg was noted. This patient had a large meningioma but no papilloedema or symptoms of increased i.c.p. before operation. However, during cannulation of the ventricle a substantial quantity of cerebrospinal fluid was lost, so this patient may have had a higher i.c.p. before operation than that recorded after cannulation of the ventricle. Also, in this particular patient, .Pa COi , increased by 1.1 kPa between induction of anaesthesia and laryngoscopy, Fa co , being 5.2 kPa at the time of intubation. This may have been the reason for the marked increase in i.c.p., as this was the only patient in the series who showed an increase in PZQQ 2 between induction of anaesthesia and intubation.
There have been several previous studies of changes in i.c.p. occurring with intubation. Shapiro and his colleagues (1972b) found, in patients intubated under suxamethonium, that the increases were greater in those patients who had symptoms or signs of increased i.c.p. before operation. They found increases in i.c.p. from the pre-induction value averaging 22 mm Hg (range 19-30 mm Hg) and from the prelaryngoscopy value averaging 27 mm Hg (range 20-34 mm Hg) in their "increased i.c.p. group". The increases in their "normal i.c.p. group" averaged 1.5 mm Hg (range -7 to +5 mm Hg) and 6 mm Hg (range 4-7 mm Hg) respectively. The changes did not, however, relate to the measured i.c.p. values immediately before induction of anaesthesia. Burney and Winn (1975) , who also used suxamethonium, showed increases in i.c.p. similar to those of Shapiro and colleagues, and in our opinion their data, like Shapiro's, showed no correlation between the initial values of i.c.p. and the increase associated with intubation. This discrepancy between clinical signs of i.c.p. and the pre-induction value of measured i.c.p. is probably explained by the pressure/volume relationship of the intracranial space. Thus, considerable intracranial compression can be present when i.c.p. is either normal or increased only slightly. In these circumstances the varying degrees of intracranial compression result in different i.c.p. changes with such stimulation as intubation.
The reports in the literature which showed the greatest increases in i.c.p. with intubation were those of Greenbaum and colleagues (1975) who described increases of as much as 80 mm Hg with peaks of 100 mm Hg, and Misfeldt, Jorgensen and Rishoj (1974) who described increases of up to 50 mm Hg with peaks of more than 80 mm Hg. These workers used suxamethonium for intubation.
McLeskey and colleagues (1974) and Lewelt, Moszynski and Kozniewska (1976) used pancuronium to produce muscular relaxation for intubation while measuring i.c.p. McLeskey and colleagues found much smaller increases in i.c.p. when pancuronium was used, as compared with suxamethonium. None the less, despite using very large doses of thiopentone they had marked increases in m.a.p. in some patients in their pancuronium group. Lewelt and his coworkers found no significant increase in mean i.c.p. at intubation, provided that adequate time was allowed for the relaxant to act. They did not induce anaesthesia until pancuronium had produced a full muscular relaxation, and they did not record arterial pressure during induction. In terms of the magnitude of i.c.p. changes observed, the results of Lewelt, Moszynski and Kozniewska (1976) and McLeskey and colleagues (1974) are closest to those described here, probably because in all three studies a competitive muscle relaxant was used. Suxamethonium may increase the i.c.p. change with intubation because of the muscle fasciculations, or the direct action of the drug, or because the duration of hyperventilation before intubation is likely to be shorter than that which exists when a long-acting muscle relaxant is used. The longer period of hyperventilation in patients receiving a long-acting muscle relaxant produces hypocapnia which may partially restore defective autoregulation (Paulson, Olesen and Christensen, 1972) and thus protect the cerebral circulation against any sudden increase in m.a.p.
We believe that large changes in i.c.p. associated with intubation are important in neurosurgery because they may cause transcompartmental pressure gradients and so induce brain shifts, may precipitate cerebral oedema if secondary to an acute episode of systemic hypertension or may result in an inadequate c.p.p. In stating that increases in i.c.p. associated with intubation are harmless, Misfeldt, Jorgensen and Rishoj (1974) have concentrated only on c.p.p. and did not consider the other factors discussed above, which are probably of greater importance in this context.
Tubocurarine was chosen for this study, since it is commonly used in neurosurgery, partly because the hypotension produced (Thomas, 1957) may reduce bleeding during reflection of skin and muscle. In this respect it may have an advantage over pancuronium which does not produce hypotension and may, indeed, produce increases in arterial pressure (Kelman and Kennedy, 1971; Gordon, 1975) . In this study tubocurarine and an i.v. induction agent produced significant decreases in m.a.p., an effect which lasted for a few minutes only. M.a.p. decreased to a similar degree with Althesin and thiopentone, but recovery was more rapid and complete in the Althesin group. Mean c.p.p. was reduced to less than 60 mm Hg in 75% of the patients and to less than 40 mm Hg in 20% of the patients. A mean c.p.p. of 50 mm Hg is at the lower end of the autoregulation range (Olesen, 1973; Lassen, 1974) . However, there was no clinical evidence in the period after operation that this decrease in c.p.p. affected the recovery of the patient in any way, and indeed it may have been a factor in avoiding large increases in i.c.p. on intubation. The wide inter-patient variation in m.a.p. response to tubocurarine is in keeping with the observations of Thomas (1957) . Unlike Tarkkanen, Laitinen and Johansson (1974) , we saw no increases in i.c.p. which could be attributed to tubocurarine. The fact that we ventilated our patients immediately after the administration of the tubocurarine may explain this difference in results.
Four of the patients were receiving dexamethasone before operation, but their i.c.p. response to intubation did not appear to differ from the other patients.
There has been no previous reported comparison between thiopentone and Althesin for the induction of anaesthesia for craniotomy. Our results show that there was no significant difference between these two agents in their effects on i.c.p. when combined with tubocurarine, and that there was no difference between the two groups with regard to change in i.c.p. following intubation or packing the pharynx.
The positive correlation between pre-induction i.c.p. and the increase in i.c.p. associated with intubation in the thiopentone group only just reaches statistical significance, and the i.c.p. increases with intubation in this series were small. We conclude, therefore, that the changes in i. 
SUMARIO
Se estudiaron la presi6n intracraneal (i.c.p.) y la presi6n arterial media (m.a.p.) en 20 pacientes durante la induccidn de anestesia para craneotomia. Se administr6 rubocurarina como relajante muscular y tiopentona o Altesina para la induccion de anestesia. No se descubrieron diferencias significativas en los cambios de la i.c.p. mediante induccidn, intubaci6n y taponamiento faringeal entre los grupos de riopentona y Altesina. Exceptuando dos pacientes (uno en cada grupo), los aumentos en la i.c.p. asociada con intubaci6n fueron de escasa magnitud. En estos dos pacientes se registraron aumentos moderados de los valores normales a 28 y 37 mm Hg, pero uno de estos pacientes sufri6 tos y esfuerzo despu£s de la intubaci6n. Se notaron marcadas disminuciones en la m.a.p. en ambos grupos, pero la recuperacidn de la m.a.p. fue significativamente mas rapida en el grupo de Altesina. En solo dos pacientes se presentaron valores de i.c.p. superiores a 20 mm Hg antes de la operation y en ninguno de ellos aumento el i.c.p. en mas de los valores de control durante la induccion e intubaci6n. El taponamiento de la faringe produjo cambios minimos en la i.c.p. de todos los pacientes.
